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AnSTRACf. The paper presen ts a stud)' of abnormal propagation of miCrOW3\'CS observed nlcng the west
co ast o f India and across A rabian Sea using a S-hand radar ,locat ed at Bombay. V~ry distant echoe s ~r
Arabian Peninsula has been seen o n Ppl sco pe. The varia tion In the a bnormal propagat~on has been 51udicd In
relatio n to meteo rolog ical conditio ns us ing radiosonde data of RS/RW unu, BombaycI t IS sec~ that whenever
elevated duets are present. super-refract ion echoes arc: also present on ,PPJscope. The Increase In ground echoes
is seen to be directly related to the decrease in the height o r these dueling layers.

I. Introduction

Propagation of VII F rad io waves far beyond the normal
radio horizon is called ab normal propaga tion and has
been observed over every region of the world. Many
workers have studied this phenomena using X-band and
S - band radars in which the effect is seen by the increase
of ground clut ter.

Many workers have tried to relate the abno rmal
propagation to meteorological conditions. Using radio
sonde data, refractive index gradients have been calcula
ted to study the ducting conditions lead ing super
refraction. Whenever a d uct forms, microwaves emitted
by radar get trapped in the duct and travels exceedingly
long distance thereby producing echoes of objects
hundreds of kilometres away from the rada r and well
beyon d normal radio horizon.

Rajagopalan an d Raghavan (1980) in a study of
tropospheric propagation using S-band radar at Madras
have concluded tha t quantitat ive calculation of super
refraction cond itions lead ing to increase/decrease of
echoes on scope are not possible with the coarse rad io
sonde data . Chatterjee an d Mat hur (1982) studied the
occurrence of elevated rad io ducts alo ng the east and
west coasts during the months June to September 1974
using the radiosonde data, Th eir study shows that range
of refractivity gradients over west coast vary from - 159N
to - 380N units, which makes ducting conditions to
occur. Th ese ducts are usually elevated with their height
varyi ng from 500 metre; to 2-3 km.

The present stud y deals with ra dar observat ions of
super-refraction using S-band radar (Peak power I
Magawatt, Pulse width 21' sec, Frequency 2800 MHz,
Beamwidth 1.8 0 conical and Max . range 500 km) at
Bombay during pre-monsoon months April-May 1984.
Cases of unusual grou nd echoes or an omalou s propaga
tion echoes (AP echoes) have been selected and an aile
mpt has been made to relate them to refractivity gradients
as revealed by 0530 1ST and 1730 1ST rad iosonde data
of Bombay.

2. Data
2 . I Radar observations

The S-band radar is in operation at Bombay since
1976 for tracking of cyclones. Due to super-refraction
some times echoes of objects located several hundreds
kilometres are seen in the PPI scope. These are essentially
multiple time around echoes, the strength or which
varies as a function of changing refractive index distri bu
tion. The rada r energy instead of dispersing in space
inversely as a square of distance, gets trapped in ducts
and travels hundreds of kilometres and gets scattered
back by objects the re with sullicient energy travelling
th rough the same duct to be discernibl e by radar and
ap pear as echoes.

Figs. I to 6 are radar PPI photographs showing
echoes due to anomalous propagation during Apri l-May
1984. As may be seen. echoes in NW direction at a
distance of 300 km is Arab ian Peninsula which is actually
1400 km from Bombay. Similarly in the N-S direction,
the western coast is seen right up to 500 km which
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